(4) anticipatory nervous anxiety; (5) the general health of the subject at the time of exposure to uneven movement, including the tone of the abdominal musculature. AIR-SICKNESS. No reliable statistics exist as to the real degree of prevalence of this malady. It would be of service if statistics were available as to the proportion of sick passengers arriving at air ports, especially if comparison were possible between those arriving over practically the same routes under more or less the same air conditions, in different types of machines. It is difficult to estimate the extent to which anticipatory nervous anxiety is responsible in inducing air-sickness, but it undoubtedly plays a considerable r6le, especially when combined with the defective ventilation of the cabin. Tthat such defective ventilation is the great cause of air-sickness among passengers can be gauged from the fact that pilots who have been accustomed to flying in open machines, have had their first experience of air-sickness when in enclosed machines. Attention was first directed to this during the occupation of the Rhine Territory when pilots who had been flying in the war without trouble, were air-sick when flying from Cologne in a standard type of war machine to which a cabin had been fixed. Several pilot-passengers who have felt symptoms of nausea within the cabin have testified that all such symptoms have disappeared when they have been permitted to fly in the open with the pilot; thus indicating that whatever the atmospheric conditions prevailing, the turning point in causing symptoms appears to be enclosure within a cabin-a view confirmed at the recent International Air Congress at the Hague by several doctors of considerable flying experience.
Investigation shows that the ventilation of aeroplane cabins needs improving and the Air Ministry have put forward several recommendations to this end. Aeroplane cabins at present ventilate from back to front and tend to get " stuffy " in certain parts, while remaining cold in others. If a person opens the window near him it does not cool him, but the incoming air causes inconvenience to the passenger in front. If a front passenger vomits, his fellow-passengers see him vomit; if a back passenger vomits, the smell of vomited material passes forward to those in front.
The investigations in respect of the ventilation of cabins have been carried out by means of the kata-thermometer and the ordinary thermometer. From the readings obtained by these at foot and head levels, the comfort factor "H," and the air velocity at various points of the cabin have been determined.
From these observations it has been concluded that for adequate ventilation, giving comfort in air travel, not only should the air pass from the front of the cabin to the back, but draughts should be excluded from leaking orifices around, doors and windows, except for the special provision of a gentle breeze upon the face and shoulders which the passenger can turn on and off at will. There must be no offensive smells. The temperature at head level must be cooler than at foot level, since the converse, even of a relatively slight degree, produces, with moderate to warm temperatures, a feeling of stuffiness and discomfort, with cooler temperatures, one of chilliness or coldness.
[Examples of readings in well-ventilated and badly-ventilated cabins were
shown.]
The importance of proper ventilation is now being realized and undoubtedly will be much improved in the aeroplanes of the future. It is probable that the most effective system will be the admission of fresh air through specially placed ventilators, combined with an extractor system ensuring air-flow from front to back,the windows being kept closed-thus helping to exclude noise. Warm air will be admitted through specially arranged orifices at foot level. 4 With regard to the first factor as a cause of air-sickness, there are undoubtedly subjects with a hypersensitivity of the vestibular apparatus who will be sick owing to the uneven movements of aircraft in the air. Such subjects are usually sick under the influence of any uneven movement, such asSWiDgS, roundabouts and scenic railways and are generally also severely sea-sick. Travel in the air is smooth in comparison with travel on the sea, so that in the former the disturbance in the labyrinthine mechanism is small in comparison. It cannot be too widely known that people who are sea-sick will not necessarily be air-sick. When this is realized the factor of anticipatory anxiety will be much reduced and the prevalence of air-sickness also in consequence.
That the dilemma between visual, labyrinthine and deep-muscle sensations also plays a part is shown by the fact that all are agreed that for comfort in air travel it is imperative to give passengers as wide a view of the horizon as possible through big windows. Probably this is why the high-winged monoplane is one of the most comfortable types to travel in, since there are no wires, struts, engines or other obstructions in the visual line of the horizon when the machine dips in a " bump."
In air-sickness, also, as mentioned later under sea-sickness, the general health factor probably plays a part.
Vomit receptacles should not be prominently displayed within the cabin, and it might be well to occupy the minds of passengers by providing a booklet so that they might take an interest in the route instead of in the well-being or otherwise of their fellow-passengers.
To prevent the admission, as pilots, of candidates likely to be susceptible to air-sickness, special rotation tests were worked out in the Medical Research Laboratory of the Royal Air Force in 1922-1924. The essential part of the test is the testing of the pulse and blood-pressure-and in certain cases, ocular muscle balance-before and after rotating in a chair, with eyes open and head unsupported, ten times in twenty seconds. The results of this test may be summarized as follows:--(i) In fit pilots. particularly those accomplished in aerobatics, rotation produces but little effect upon the pulse-rate or arterial pressures.
(ii) In subjects liable to vertigo, nausea, or vomiting, rotation produces a marked rise in pulse-rate and systolic and diastolic pressures.
(iii) In subjects liable to fainting, rotation produces a characteristic fall in diastolic pressure.
(iv) In highly-strung subjects, liable to develop an anxiety neurosis, there is a marked anticipatory rise of pulse-rate and systolic blood-pressure prior to rotation, which may or may not be further affected by rotation. This anticipatory rise may mask, or tend to mask, the response characteristic of (ii).
(v) In practice it is found that subjects may tend to exhibit a combination of abnormlial responses, but the main criterion is the fact that the satisfactory pilot is relatively stable in his responses. As a guide it may be laid down that prior to rotation there should be no miarked anticipatory rise of blood-pressure or pulse-rate, while after rotation there should be:- SEA-SICKNESS. Dr. Maitland, of the Cunard Company, Dr. Marrack, of the London Hospital, and myself made two voyages, during which we studied the effects in those who suffered from sea-sickness, as well as in controls who did not so suffer, upon eye-muscle balance, blood-pressure and pulse-rate.' Of the 160 observations it was not possible to get adequate control observations in more than thirty cases. The conclusion reached was that true sea-sickness is predominantly due to the stimulation of the labyrinthine mechanism by the uneven movement of the ship. It is probable that in one group of people, vomiting results as the effect of direct reflex stimuli from the labyrinths, causing contraction of the stomach. Such people are those who under all circumstances are unduly sensitive to uneven movement. In the majority of cases of sea-sickness, however, vomiting is not thus directly induced unless one of the other factors come into play. In such there is no doubt that the second factor plays a distinct part, namely, the dilemma between visual, labyrinthine and deep-muscle sensations, for example, the visual and deep-muscle impressions being that the ship is going up, while, owing to " lag," the impression from the labyrinths is that the ship is still going down. Many people correct this dilemma by moving the head to stop the labyrinthine impressions and thus bring them more into accord with those of vision.
In this connection a new point of considerable interest has been observed. Sixty subjects, chiefly members of the crew, but also passengers who had never, or not for many years suffered from sea-sickness, were found to have good eye-muscle poise, as tested by the Bishop-Harman diaphragm. When muscle imbalance was present it was not aggravated during the rough weather when others were sick.
On the other hand, as shown in selected examples in the table below, it was found that in people who were going to be sea-sick, an imbalance of the eye muscles was induced or exaggerated. This imbalance was found to pass off as the patient recovered. The observation is of interest, since the induction of this imbalance will take place whether the eyes are open or shut, and arises probably retlexly from the stimulation of the labyrinth and postural muscles asI shown by Magnus and de Kleyn. The part played in sea-sickness by stuffy atmospheres, suggestion and anticipatory anxiety, is well known. I have never been sea-sick, but I have been able by sheer imagination to make myself feel "queer" and moreover look " queer," on a stationary boat. The sight of a vomit-bowl is sufficient to make some people sick even before the boat has started.
The general health of the individual is of importance, since those having a tendency to gastric disturbance are more likely to be sea-sick than those who have not. The same remark applies to those coming aboard feeling "bilious" from the effects of too big a farewell banquet. Again, vomiting which would follow the imbibition of too much alcohol ashore, cannot be fairly called sea-sickness when it occurs afloat. Dr. Marrack reached the conclusion that changes in blood-sugar content, when observed, and the induction of acidosis are to be regarded rather as the effects of sea-sickness than as the cause of it.
Each case of sea-sickness appears to require special consideration on its merits. In some the pulse-rate and blood-pressure are raised at the outset; in others the first symptoms are attended by a fall of pulse-rate and blood-pressure. although, generally speaking, there is in the end the characteristic fall in blood-pressure and pulse-rate due to vagal stimulation.
There seems to be no special "blunderbuss" remedy for the prevention of sea-sickness. The most likely remedy would appear to be a drug which depresses the centres into which the afferent impulses stream, combined with large doses of alkali and bromide, and perhaps sugar and a little flavouring of alcohol. In reality, however, each case of sea-sickness requires a proper medical examination before deciding on the remedy to be employed for its prevention or mitigation.
DiScU8sion.-The PRESIDENT said that Group-Captain Flack's paper explained some things that had previously been difficult to understand. He (the President) wondered why-if the ventilation of aeroplanes was so important yet so troublesome, they did not substitute controlled mechanical for uncontrolled natural ventilation ? In an aeroplane which was otherwise airtight, a well-designed systemn of forced ventilation should enable the contained air to be kept at any humidity or kata-thermometer idex required, just as in a modern warship which depended entirely on a mechanical air supply.
He had not found that the young athlete full of health and " tone " was less prone to sea-sickness than the average-rather the reverse. He did not think an overdose of alcohol the night before a voyage had much effect on sea-sickness on the next day, and he was convinced that alcohol in moderation, during rough weather, was often a prophylactic-either by removing anxiety and fear of sickness, or possibly because it tended to make the subject less sensitive with regard to his position in space.
Dr. E. P. POULTON said that Group-Captain Flack's blood-pressure records were valuable, even though they were negative.
The main conclusion of the paper seemed to be that disturbance of the labyrinth was the all-important factor in sea-sickness. Apparently, however, the only proof was that many people corrected themselves by moving their heads up. But disturbance of the labyrinth was usually associated with nystagmus. Oriel did not find any nystagmus, and functional tests of the semicircular canals carried out by means of the revolving chair on people in port and during the voyage, yielded identical results.
He (the speaker) supposed that the labyrinth had been associated with sea-sickness from the analogy of Meniere's disease, but in that disease the most striking symptom was vertigo. If vertigo was so prominent in sea-sickness would not its victims talk about sea-giddiness instead?
A few years ago Dr. Payne and himself had published some observations which suggested that nausea resulted from a tension exerted on end-organs in the oesophageal wall and was caused during relaxation, when the muscle fibres ceased to bear the main tension. Further observations om a normal student suggested that the sensation of " globus " was due to a less intense stimulation. The student readily distinguished between the two sensations.
With regard to sea-sickness during a voyage across the Channel he (the speaker) repeatedly experienced nausea as the ship went downwards, and it disappeared as quickly afterwards. When he crossed to America in 1929, he tried, with some physiological friends, to make some observations on sea-sickness. He agreed that the chemical changes were secondary; though it must be remembered that they were observed before the onset of vomiting itself. At the end of the voyage they used the children's swing and swung various passengers backwards and forwards. All who were tried felt nausea and sinking at some stage of the swing excursion, fitting in with the view that visceral tension was a factor. The sensations were particularly marked when the subject was hungry; they were more difficult to obtain after dinner. It was well known that hunger had much to do with sea-sickness. As the cesophagus and stomach were suspended on a bony framework, all sorts of accelerations and retardations would take place on moving up and down, and produce effects on sensitive end-organs, and the whole of the nausea and sinking sensations could be explained in that way. If a tight bandage was worn round the abdomen, the wearer was saved from sea-sickness because the bandage largely prevented these alterations in tension. People lay down for the same reason, and it was better to be on a rolling ship than on a pitching ship.
Though important, he did not think the repeated nausea sensations in sea-sickness were the whole thing. He had experienced a feeling of tightness or "muzziness" in the head, and he was certain it was Dot nausea. It might be due to an ebbing and flowing of the cerebrospinal fluid as the ship moved up and down.
Wing-Commander F. N. B. SMARTT said that Group-Captain Flack appeared to have taken as the basis of his paper secondary rather than primary causes of air and sea-sickness. He (the speaker) did not think that stuffiness of the cabin was the primary cause of sickness in the majority of people who travelled by air. One could fly from Baghdad to Egypt, experiencing temperatures ranging from freezing to extreme heat, and one would be sick, irrespective of temperature, if the conditions were unfavourable. He considered that both conditions, namely, airand sea-sickness, were due to splanchnic defect or splanchnic exhaustion, and that the primary condition necessary for producing splanchnic upset was the appreciation by the sufferer of a definite sensation of loss or disturbance of equilibrium.
People who suffered from splanchnic defects were likely to be sick when travelling by sea or air and in other circumstances. The pilot of a machine was practically never sick, except when he experienced severe buuwps, and even these had to be very severe to have that effect. A doctor had asked him why that was so and he had replied that a bump was the only movement which the pilot could not anticipate or control. A pilot of aircraft, a sailor sailing a boat, or a horseman riding a horse could anticipate every movement before it occurred, and had no sensation of loss of equilibrium. The reason for this was that there was no period of muscle lag between the period of anticipation of a change of equilibrium and the change itself. If, however, one put a good pilot inside the cabin where he could no longer control the plane, he was as likely to be sick as anyone else, the reason being that there was a period of muscular lag between what was happening and what would happen next, and the pilot therefore experienced a sensation of a loss of equilibrium and so was liable to splanchnic upset. One could spin a man on the rotary chair and he would not be sick, for the reason that he was rotating round his own centre of gravity, and so there was no real upset of equilibrium. The cabins should by all means be ventilated, and a secondary cause of sickness thus removed; but a much more important secondary cause, which Group-Captain Flack had not emphasized, was the noise and the vibration of aeroplanes, not so much audible noise as the vibratory stimuli which reached the nervous system through the skeletal system. Until aircraft were built so that vibratory noises were eliminated, this chief secondary cause of nausea would remain. One had only to hark back twenty years to the old type of uncomfortable ship, with its vibrations and smells, and compare it with the modern turbine with its silence and absence of vibrations and comparative absence of smells, to see how these secondary factors entered into the production of sea sickness. People who used to be sick every time they went to sea could now travel in a turbine steamer with a prospect of comfort in reasonable weather.
Dr. HUGH S. STANNUS: As one of those unfortunate people who suffer sickness on the slightest provocation, I would suggest that there is a group of persons having a kind of diathesis, using the word rather in the sense in which it has been used by Dr. Arthur Hurst, who are particularly liable to suffer sea-and air-sickness, and I would include in this group not only all those who suffer identical symptoms when travelling in any kind of vehicleship, aeroplane, train, tube, car or 'bus -but also those who may develop the same syndrome, may be, when seated in a meeting hall or concert-room-hot head, cold extremities, sweating, nausea and perhaps vomiting-with anticipatory anxiety lest they cannot escape, and sometimes diarrhoea, a symptom which no one has mentioned as not uncommonly associated with sea-sickness.
The earlier history of members of this group may reveal cyclic vomiting, biiious attacks, with hypoglycEemia and acetonuria in childhood, circum-oral pallor, blushing and other vasomotor phenomena, and migraine in youth-signs of limitation of liver function-sensitiveness to fats, essential oils, tobacco and human emanations, and symptoms that have been referred to as " splanchnic." It would be interesting to know the past histories of Captain Flack's cases. Persons belonging to this group are, I believe, intolerant of mental stress or anxiety and physical strain-such as is imposed by lack of eye muscle balance, over-stimulation of the vestibular apparatus, tension of the cesophagus, or other factors introduced by travelling by sea or air.
Surgeon-Commander HAYES said that people differed greatly in respect of sea-sickness. One man could take any amount of drink and though he was sea-sick he was not incapacitated, while another would be flattened out by the sea-sickness.
Fleet-Surgeon HOME said that in 1884 that wise man v. Pettenkofer advised C. Menses now Professor of Tropical Medicine at Cassel, then joining the German Navy, that seasickness was associated with binocular vision, and Mense tried tying up one eye in a storm, but found that device unhelpful in a small craft, and recovered with both eyes open (Arch.
fuir Schiffsu. Tropen-Hygiene, 1923) . He ascribed sea-sickness rather to disturbance of the balancing centre or the middle ear.
Group Captain FLACK said that a reply in detail on all the points would occupy too much time. In regard to ventilation and heating his description applied to aeroplanes as they were at present. The Air Ministry was putting forward schemes to avoid factors which tended to make passengers sick and it was hoped that special attention would be devoted to the problems of heating, ventilation, noise, etc., in the new machines.
In his hurried reference to alcohol and indiscretions of diet, he did not wish to give the impression that alcohol was a cause of air-sickness or sea-sickness, but he drew attention to the fact that many went on board after taking not only a good deal of alcohol with friends, but a heavy meal also, and then ascribed their indisposition to sea-sickness, whereas they would probably have been equally indisposed after such indiscretion on land.
He apologized for not having drawn attention to Dr. Poulton's work on this subject, but it had not been possible to refer to all aspects in the time-to discuss the role of the vestibular apparatus alone would have taken more than his allotted time. He had not meant to implicate specially the semicircular canals, but the whole labyrinthine apparatus. Leiri and others said that this condition was more likely to be due to reflex effects from the saccule or the utricle.
Wing-Commander Smartt's remarks had dealt with air-sickness in experienced pilots and selected persons, whereas he (the speaker) was dealing in the main with air-sickness among the ordinary passengers of air travel, and in that the conditions which he (the speaker) had outlined played the predominant part. WVing Commander Smartt had said a good deal about splanchnic disturbance, but he had confused cause and effect. He (the speaker) had spoken of afferent impulses or causes and agreed that there was a splanchnic effect, a vasomotor disturbance induced in the sympathetic or vegetative system from the impulses from the labyrinths and eyes. In regard to the latter, the late Basil Lang had made an interesting experiment in trying to obtain stereoscopic cinematograph pictures. The showing of a film taken by a camera which oscillated regularly from side to side through a fixed arc, although it appeared steady on the screen, induced a feeling of nausea and caused people to get up and go out.
He (Group-Captain Flack) had included the diathesis to which Dr. Stannus referred in the physical condition of the patient. The worst case he had seen was in a woman, who had been dieted by her doctor so that she should not be sea-sick, and she was probably halfstarved; she certainly had acidosis.
In regard to vomiting, there were two types of cases. One was the type in which the patient " threw up " and was better. In the other type there was prolonged nausea before actual vomiting occurred.
He had tried to show that air-and sea-sickness was a complicated condition, depending on variations of, at least, five factors, and he was sorry for the doctor who was called upon to treat patients without an opportunity of ascertaining the individual fault. He knew pilots who were only sick when they travelled in stuffy cabins. Air-sickness was not so frequent, even proportionally, as sea-sickness, because disturbances in the air were far less intensive than those on the sea; moreover, in the latter, there was a greater frequency and range of change of movement. That was why, as a cause of sickness, disturbances of the vestibular apparatus were more important at sea than in the air.
